Aulacoseira coroniformis sp. nov. is described from a short peat core recovered in Highlands Hammock State Park, Florida, U.S.A. The morphology of the new diatom species is documented by light and scanning electron micrographs and discussed in detail, including a comparison with related species in the genus Aulacoseira.
Introduction
Highlands Hammock State Park is situated 6 km west of Sebring in Highlands County, Florida, U.S.A. (Fig.  1 ). The park, now encompassing over 9250 acres, was established in 1931 by local citizens in order to preserve the 690 acres of hydric hammock hardwood forest, the central vegetation unit and main attraction of the park. The park is located on the western edge of the Lake Wales Ridge, a relict Pleistocene shoreline. The edge of the ridge forms the highest elevation (46 m.a.s.l.) from where the land slopes gradually down to around 24 m.a.s.l. in the western, flatter area of the park. Within the framework of a multi-proxy palaeoenvironmental reconstruction of the Highlands Hammock area, several sediment cores were drilled in 2008. The freshwater diatom flora of the Highlands Hammock State Park, which has not been documented so far, is studied with the goal of reconstructing the hydrology of Highlands Hammock State Park during the past approximately 3000 years. Core Highlands Hammock 3 (HHA3) was taken from a seasonally inundated forest dominated by maple and magnolia trees with a fern undergrowth. In the present paper, subsamples of core HHA3 were studied for the diversity of sub-recent and fossil diatoms. We describe the new species Aulacoseira coroniformis Pearce & Cremer sp. nov., and document its morphological variability with highquality light (LM) and scanning electron (SEM) microscope images. Sediment core HHA3 (27°27'47.45''N, 81°32'21.48 ''W; Fig. 1 ) was drilled in April 2008 south of the road bordering South Canal in Highlands Hammock State Park (Fig. 1 ) from a seasonally inundated forest dominated by maple trees and a fern undergrowth. A 78 cm long peat sequence was retrieved at the coring site and subsequently stored at 2 °C. Diatom subsamples taken at 1 cm intervals were freeze-dried and approximately 1 gram dry weight was used for further analysis. Samples were treated subsequently with 30 % hydrogen peroxide (1.5 hours at 100 °C), 10 % hydrochloric acid and 65 % nitric acid (2 hours at 120 °C) for the removal of organic matter and carbonate. Excess acid was removed by repeated sedimentation procedures in demineralized water. Microscopic slides were prepared by using evaporation trays (Battarbee 1973 ) and the high refraction mountant Naphrax ® . Diatom slides were examined using a Leica DM2500 microscope equipped with a ×63 oil immersion lens and differential interference contrast at a magnification of ×945. Diatom valves were generally well-preserved and abundant in the studied peat sequence HHA3. Digital images were taken with a Leica DFC320 camera. For SEM analysis, cleaned material was mounted on a stub, sputter-coated with 12 nm platinum and examined using a Philips XL30S FEG SEM operating at 10kV. Habitat:-Epiphytic in modern swamps; fossil in Holocene lake sediments. Distribution:-Central Florida, U.S.A. Etymology:-From the Latin corona (crown) and forma (form), referring to the crown-shaped appearance of the valve.
Materials and methods

New species description
Observations:-Valve outline and dimensions: The valve face is generally flat with a gentle transition towards the mantle (Figs 11-13) . The discus-mantle boundary is difficult to recognize but usually characterized by a predetermined breaking line (arrows in Figs 12, 14 and 15 ) along which the discus regularly breaks (Fig. 12) . The valve diameter is 6-15 µm (mean 9 µm; N = 48), the mantle height is 4-8 µm (mean 5.5 µm; N = 35) and the ratio of mantle height to diameter varies between 0.3 and 1.1 (mean 0.6; N = 35). Mantle: Approximately one quarter of the mantle height consists of the collum which possesses no areolae or other ornamentation. The boundary between the areolated mantle and the collum, the sulcus, is indicated as a local narrowing of the valve (arrows in Figs 3, 18) . Areolae: The mantle striae consist of relatively small round (Figs 17, 18 ) to more or less rectangular (Figs 26, 27) areolae that are arranged in rows parallel to the pervalvar axis. The mantle striae density is 22-28 in 10 µm (N = 18) and the areola density per stria varies between 35 and 45 in 10 µm (N = 16). The striae continue over the mantle-valve face edge onto the periphery of the valve face (Fig. 11, 13) . The discus itself is covered with mostly circular, evenly distributed areolae (Figs 14-16 ). The areola density on the discus is 98-108 areolae per 10 µm 2 (N = 8). On the valve face, the line between the peripheral striae and the evenly arranged areolae in the centre marks the boundary between the discus and the mantle (Figs 11, 12, 14, 15 ; see also Krammer 1991a, p. 91). Vela, which are rather common in the genus Aulacoseira (Crawford & Likhoshway 2002) were not observed in the examined specimens of A. coroniformis. This could mean that the vela in A. coroniformis are too delicate to be preserved after acid-cleaning of the raw material. Ringleiste: The ringleiste is a thick bulge-like broadening (Figs 29-31 ) located inside the valve opposite from the sulcus, at the junction between the areolated mantle and the collum. The width of the ringleiste is approximately 10-15 % of the valve diameter (N = 6). Spines: At the junction of the mantle and the valve face, linking spines arise usually from a single pervalvar costa and are present on each to every third costa . Spines are usually straight, lacking any side spines and run parallel to the pervalvar axis. Spines vary considerably in shape being relatively long with blunt or pointed distal ends (Figs 17, 21, 22) or comparably shorter and club-shaped . Also spines having anchorshaped distal ends were observed (Fig. 11) . The spine length ranges from 1.1-2.0 µm (mean 1.6 µm; N = 16). Separation valves with characteristic separation spines were not observed. Rimoportula: The labiate process is often difficult to recognize in Aulacoseira. A few valves of Aulacoseira coroniformis were observed having a rimoportula near the inner side of the ringleiste (Figs 32-37 ). The rimoportula is circular, stalk-less and surrounded by a thickened rampart-like siliceous wall (Figs 35, 37) . Valves with more than one rimoportula were not observed. The external opening of the rimoportula which very often resembles a regular areola is difficult to recognize in A. coroniformis. The enlarged and somewhat isolated pores next to the sulcus visible in many valves (for example Figs 18, 22, 25) might correspond with the external rimoportulae openings. Likhoshway & Crawford (2001) provide an excellent overview on the variability of the morphology and position of rimoportulae in Aulacoseira.
Comparison with related taxa
Aulacoseira coroniformis may be confused with two other species in Aulacoseira: A. nygaardii (Camburn) Camburn & Charles (2000) and A. lacustris (Grunow) Krammer (1991b) . Detailed SEM examination, however, revealed a number of distinctive features between the three taxa ( Table 1 ). The original description of A. nygaardii by Camburn in Camburn & Kingston (1986) was solely based on LM and an emended description of A. nygaardii based on detailed SEM examination of the type material was provided by almost 20 years later. The most obvious difference between A. coroniformis and A. nygaardii is the lack of areolae on the discus in the latter species. A further difference is the presence of vela in A. nygaardii which were not observed in A. coroniformis. Furthermore, no rimoportulae were described so far in A. nygaardii.
Aulacoseira lacustris and A. coroniformis are distinguished by both morphological and morphometric characters. The valve face of A. coroniformis is flat whereas in A. lacustris it is more or less flat to convex (Krammer & Lange-Bertalot 1991 , Houk 2003 . Valve face areolae are invisible in LM in A. coroniformis whereas in A. lacustris they are large and distinct in LM. Spines in A. lacustris are short, spatulate and have anchor-shaped distal ends compared to long and pointed, blunt or club-shaped spines in A. coroniformis. Aulacoseira lacustris has a diameter of 10-28 µm and a mantle height of 6-11 µ m (Krammer & LangeBertalot 1991 , Houk 2003 and is clearly larger than A. coroniformis. The number of pervalvar striae in A.
lacustris is distinctly lower with 13-16 in 10 µm and the width of the ringleiste is larger in A. lacustris (20% of valve diameter) compared to A. coroniformis (10-15%). Krammer & Lange-Bertalot (1991) and Houk (2003) Aulacoseira coroniformis has most likely been overlooked and misidentified in the past. in their re-evaluation of A. nygaardii suggest that SEM micrographs of diatom valves from Okefenokee Swamp, Georgia, published by Scherer (1988) , were erroneously identified as Aulacoseira nygaardii (as Melosira nygaardii in Scherer 1988) . Images of the specimens in question (Figs 62-64 in Scherer 1988) show a very close resemblance to A. coroniformis, including the presence of areolae on the discus in their micrographs. We therefore propose that they likely belong to Aulacoseira coroniformis. Scherer (1988) described his specimens from sites associated with increased hydrological flow and silica input and with slightly higher nutrient content. Quillen presented images of valves identified as A. nygaardii from Highland County, Florida, which are probably A. coroniformis (Quillen 2009 ). Quillen's LM images do not differ from those of A. coroniformis and further SEM study may justify a transfer of this taxon to A. coroniformis (Quillen 2009, Figs 70-73) . Aulacoseira coroniformis is also similar to Aulacoseira 'occulta' (provisional name proposed by Siver & Hamilton 2011, written communication) , a taxon distributed in regions along the east coast of North America. Both Aulacoseira coroniformis and A. 'occulta' are barely distinguishable in LM but SEM reveals a number of significant taxonomic characters for A. 'occulta', among them the presence of a distinct secondary siliceous layer Hamilton 2010, 2011, and written comm.) that has never been observed in A. coroniformis.
Ecology and geography
Since A. coroniformis is here described for the first time, little ecological and geographical information is available other than that from Highlands Hammock State Park, where it is described from. Aulacoseira coroniformis was the dominant diatom species in Holocene lake sediments deposited between 550 B.C. and 1200 A.D. A total of 22 additional diatom taxa representing 10 genera were identified in the core sediments. Diatoms mainly co-occurring with A. coroniformis are: Eunotia zygodon Ehrenberg (1843) , Eunotia carolina Patrick (1958) , Eunotia tautoniensis Hustedt ex Patrick (1945) and Pinnularia viridis (Nitzsch) Ehrenberg (1843) . These species are acidophilous, with pH optima around 5.0 , Gaiser & Johansen 2000 . Aulacoseira coroniformis was also recognized in a modern environment with a water depth of 50 cm and pH 5.1, attached to leaves of Nuphar lutea (yellow water-lily), sampled nearby the coring location in Highlands Hammock State Park. Aulacoseira nygaardii sensu Quillen (2009) has a reconstructed TP optimum of 13.0 ± 1.8 µg/L and a pH optimum of 7.01 ± 0.72, thus being a weakly mesotrophic and circumneutral species. In summary, it can be assumed that A. coroniformis is an acidophilous taxon.
Taking into account the misidentifications discussed above, Aulacoseira coroniformis occurs in the southeastern regions of the U.S.A.
